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201-Pos Board B1
Mapping the VDAC1 Oligomerization Contact Sites and N-Terminus
Translocation
Varda Shoshan-Barmatz.
Department of Life Sciences and the National Institute for Biotechnology in the
Negev, Ben-Gurion University of the Negev, Beer-Sheva, 84105, Israel.
Accumulating evidence implicates the voltage-dependent anion channel
(VDAC) as functioning in mitochondria-mediated apoptosis involving cyto-
chrome c release, leading to caspases activation and apoptosis. The mechanisms
regulating cytochrome c release and the molecular architecture of the cyto-
chrome c conducting channel remain unknown. Previously, we demonstrated
that apoptosis induction was accompanied by VDAC oligomerization, as re-
vealed by cross-linking and directly monitored in living cells using
Bioluminescence Resonance Energy Transfer technology. Moreover, apoptosis
inhibitors inhibited VDAC oligomerization and a correlation between the levels
of VDAC oligomerization and apoptosis was observed. Here, we combined site-
directed mutagenesis with chemical cross-linking to reveal the contact sites be-
tween VDAC1molecules in dimers and higher oligomers. Replacing hydropho-
bic amino acids with charged amino acids in b-strands 1,2 and 19, but not 14,
interfered with VDAC1 oligomerization and apoptosis induction. Cysteine
cross-linking results, from introducing cysteine at a defined position in cysteine-
less VDAC1 and applying the cysteine-specific cross-linker, BMOE, supported
the close vicinity of b-strands 1,2 and 19 in VDAC1 dimer. Moreover, the
results suggest that VDAC1 exists as a dimer that undergoes conformational
changes upon apoptosis induction to assemble into a higher oligomeric state.
Additionally we demonstrated that the N-terminal region of VDAC1 lies
inside the pore, but could also move and interact with the N-terminus from a
second molecule to form a dimer. Our results suggest that the glycine rich
sequence 21-GYGFG-25 is involved in the N-terminus translocation from the
internal pore to the channel face. These results provide structural insight into
cellular VDAC1’s oligomeric state and its N-terminal region location and
translocation.
202-Pos Board B2
The Influence of Membrane Physical Properties on Microvesicle Release
in Human Erythrocytes
Laurie J. Gonzalez, Elizabeth Gibbons, Rachel W. Bailey, Jeremy Fairbourn,
Thaothanh Nguyen, Samantha K. Smith, Katrina B. Best, Jennifer Nelson,
Allan M. Judd, John D. Bell.
Exposure of human erythrocytes to elevated intracellular calcium causes frag-
ments of the cell membrane to be shed as microvesicles. This study tested the hy-
pothesis that microvesicle release depends on microscopic membrane physical
properties such as lipid order, fluidity, and composition. Membrane properties
were manipulated by varying the experimental temperature, membrane choles-
terol content, and the activity of the trans-membrane phospholipid transporter,
scramblase. Microvesicle release was enhanced by increasing the experimental
temperature. Reduction in membrane cholesterol content by treatment with
methyl-b-cyclodextrin also facilitated vesicle shedding. Inhibition of scramblase
with R5421 impaired vesicle release. These data were interpreted in the context of
membrane characteristics assessed previously by fluorescence spectroscopy with
environment-sensitive probes such as laurdan, diphenylhexatriene, and merocya-
nine 540. The observations supported the following conclusions: 1) calcium-in-
duced microvesicle shedding in erythrocytes relates more to membrane
properties detected by diphenylhexatriene than by the other probes; 2) loss of
trans-membrane phospholipid asymmetry is required for microvesicle release.
203-Pos Board B3
Apoptotic Effects of Nanoparticles on Human Cell Lines
Komal Vig, Pooja M. Tiwari, Michael E. Miller, Shivani Soni,
Shree R. Singh.
Nanoparticles offer unique properties such as increased surface area and reac-
tivity which allows them to easily translocate into cell membranes and enhance
chemical reactions. It is therefore, important to understand their toxicity to the
biological system before using them for any applications. In this study, we in-
vestigated apoptotic effects caused by nanoparticles mainly silver nanoparticle
coated with PVP (10 nm) and gold nanoparticles (25 nm). We used a fluores-
cence marker 7-AAD (7- Aminoactinomycin D) which has strong affinity with
DNA and intercalates in double-stranded DNA and has high affinity for GC-
rich regions. It can be used for identification of necrotic/ late apoptotic cells
and can be used as a marker for exclusion of nonviable cells. Cells were incu-bated with silver and gold nanoparticles at various concentrations and analyzed
for apoptosis after periodic incubations. Our results indicate silver particles to
cause more than 80% cell apoptosis at 25 mg/ml concentration. On the other
hand, gold nanoparticles at the same concentration showed less than 10%
cell apoptosis. As gold nanoparticles are relatively non-toxic to biological sys-
tem they can be exploited for use in the medical therapy. Cells incubated with
nanoparticles were also analyzed to determine their translocation into the cell.
Ultrathin sections (5 mm) of the cells incubated with nanoparticles were cut and
examined using TEM after negative staining. Initial studies indicate presence of
nanoparticles in the vesicles of the cells and in the nucleus. We observed nano-
particle migration to nucleus also by confocal microscopy after 24 hr incuba-
tion which supported our TEM analysis. Work is currently on the way to
determine the pathways of nanoparticle endocytosis by cell lines.
204-Pos Board B4
Study of Mitochondrial Dynamics During Apoptosis by Optical Fourier
Filtering Detection
Robert M. Pasternack, Bryan Rabin, Neel J. Shah, Nada N. Boustany.
Recent evidence shows that changes in mitochondrial structure are associated
with programmed cell death (apoptosis), and dysregulation of these changes is
associated with human diseases including cancer, Parkinsons’ disease and
amyotrophic lateral sclerosis. Detecting morphological changes such as mito-
chondrial fission during the beginning stages of apoptosis is therefore of great
interest. We have developed a light-scatter measurement technique that is
sensitive to changes in mitochondrial structure in living apoptotic cells.
This technique uses a spatial light modulator to achieve Fourier filtering using
optical Gabor filters of dark field signal from cells and can be used without
fluorescent dyes. We monitor mitochondrial fission in whole cells by detecting
changes in object shape using an aspect ratio parameter generated from the
optical Gabor information. Using our Gabor filtering methodology, we detect
an average 15% decrease (p < 0.05) in the aspect ratio parameter of subcel-
lular organelles at 60-100 min following apoptosis induction concomitant
mitochondrial fragmentation confirmed by fluorescence microscopy. We
have demonstrated that this decrease can be spatially registered with regions
closely associated with the fluorescently labeled mitochondria and is absent
in regions dominated by other organelles. The measurements may be made
at low image resolution (>0.6 mm/pixel) and the data acquisition has recently
been automated (nominal analysis of 100 single cells per second), offering sig-
nificant potential for high throughput measurements. We are currently using
the automated platform to study changes in mitochondrial dynamics during
apoptosis at high time resolution. We will also investigate changes in mito-
chondrial membrane potential and their association with changes in mitochon-
drial structure measured with our technique in apoptosis-competent and
apoptosis-resistant cells.
205-Pos Board B5
Analyzing Cellular Apoptosis Through Monitoring Mitochondrial
Membrane Potential Changes with JC-10
Jinfang Liao, Qin Zhao, Xing Han, Zhenjun Diwu.
Apoptosis is one main type of programmed cell death which involves a series of
biochemical events leading to specific cell morphology characteristics and ul-
timately death of cells. Mitochondrial membrane potential change is a key in-
dicator of cell health and mitochondrial permeability transition is an important
step in the induction of cellular apoptosis. JC-10, a lipophilic cationic dye, can
be readily used to detect mitochondrial de-polarization. It has been successfully
used in several different cell types (e.g., primary rat hepatocytes, CHO-K1,
HeLa, Jurkat and HepG2 cell lines). JC-10 has improved water solubility.
The consistent results were obtained with flow cytometry, fluorescence plate
reader and florescence microscopy. In most of the cell lines JC-10 demonstrates
excellent signal to background ratios. In addition, two other membrane poten-
tial-sensitive fluorescent dyes, the near infrared red Mito NIR, and orange color
Mito Orange have also showed similar results as JC-10 for measuring mito-
chondria membrane potential changes in Jurkat and Hela cells. In conclusion
JC-10, Mito NIR, andMito Orange are robust tools for evaluating apoptosis tar-
gets and screening their agonists and antagonists with fluorescence microplate
readers, fluorescence microscopes or flow cytometers.
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Amphipathic Tail-Anchoring Peptide from BFL-1 and Pro-Apoptotic BH3
Peptides Induce Apoptosis Through Different Mechanisms
Jae-Kyun Ko, Kyoung-Han Choi, Jun Peng, Wei-Xing Zong,
Noah Weisleder, Jialing Lin, Jianjie Ma.
Pro-apoptotic Bcl-2 homology domain-3 (BH3) peptides and mimetics have
been developed as cancer therapeutics by targeting apoptotic regulators in
cell death. Since tumor cells often contain altered expression levels of Bcl-2
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certain cancer cells. We recently found that the amphipathic tail-anchoring pep-
tide (ATAP) from Bfl-1, a bifunctional Bcl-2 family member, displayed strong
pro-apoptotic activity by permeabilizing the mitochondrial outer membrane
(MOM). Here we tested if the activity of ATAP requires other cellular factors
and whether ATAP has an advantage over the BH3 peptides in targeting cancer
cells. We reconstituted the membrane permeabilizing activity of ATAP in lipo-
somes and found that ATAP rapidly released fluorescent molecules of the size
of cytochrome c, suggesting that ATAP membrane permeabilizing activity is
independent of other protein factors. Confocal microscopic imaging revealed
specific targeting of ATAP toMOM, whereas BH3-peptides showed diffuse cy-
tosolic distribution. While the pro-apoptotic activity of BH3 peptides was
largely inhibited by either overexpression of Bcl-2 or Bcl-xL or nullification
of Bax and Bak in cells, the apoptotic function of ATAP was not affected by
these cellular factors. Since ATAP can target to mitochondria membrane and
its potent apoptotic activity does not dependent on the content of Bcl-2 family
proteins, it represents a promising lead for a new class of anti-cancer drugs that
can potentially overcome the intrinsic apoptosis-resistant nature of cancer cells.
207-Pos Board B7
Biophysical Characterization of Peptide Membrane Interactions and
Membrane Permeabilization
Pranav Garg, Suren A. Tatulian, Annette R. Khaled, Kathleen N. Nemec.
Certain membrane-active amphipathic peptides, such as antimicrobial peptides,
possess a characteristic feature of having several cationic amino acid residues
at either N- or C-terminus. In an attempt to determine the functional signifi-
cance of C-terminal cationic residues, we have studied the membrane binding
mode and membrane pore formation by a 20-amino acid synthetic amphipathic
peptide. Two cationic residues were replaced to Leu or Glu to see how the
membrane binding and permeabilization activities of the peptide are modulated
by charge neutralization and charge reversal mutations. The depth of membrane
insertion of the wild type and mutant peptides was determined by measuring the
quenching of the fluorescence of a single, C-terminally located tryptophan by
dibromo-phosphatidylcholines brominated at various positions of the acyl
chains, using pure POPC and 70% POPC þ 30% POPG in lipid vesicles. In
case of pure POPC membranes, Trp in all three peptides was located at around
9 A˚ from the membrane center, while for 30% POPG, Trp was inserted much
deeper. Studies on peptide-mediated calcein release from phospholipid vesicles
were conducted to see if the peptides are able to cause membrane pore forma-
tion and content release. Peptides with positively charged residues showed
maximum calcein release for both lipid compositions whereas negative or hy-
drophobic residues were less effective in vesicle permeabilization. Preliminary
ATR-FTIR experiments using both POPC and POPG have been performed to
identify the orientation of the peptides within the lipid bilayer and their effect of
the lipid order.
208-Pos Board B8
Regulation of Apoptosis at the Mitochondrial Level by Bcl-2 Proteins
Marcus Wallgren, Anders Pedersen, Nguyen Giang, Lenka Beranova´,
Nguyen Linh, Martin Hof, Gerhard Gro¨bner.
During the life-time of higher organisms the turnover of the cell mass has to be
highly regulated by apoptosis, one of the main types of programmed cell death.
The anti-apoptotic integral membrane protein Bcl-2 belongs to the Bcl-2 pro-
tein family, which functions as a major gatekeeper in the mitochondrial apopto-
tic pathway. This protein has been found to be highly over-expressed in breast
cancer tumors and also been shown to be involved in the inherent resistance to
anti-cancer drugs. Our aim is to work with the full-length Bcl-2 protein and
study its interplay with both, its mitochondrial membrane environment and
the pro-apoptotic Bcl-2 family protein Bax. Bax is the counter-player of
Bcl-2 and is upon activation translocated from the cytosol to the mitochondrial
outer membrane where it forms oligomers. These oligomers function as pores
which enable the release of cytochrome c to the cytosol, followed by initiation
of the caspase activation cascade and subsequently cell death.So far we have
been working on the expression and purification of Bax and Bcl-2, and man-
aged to isolate full-length Bax using E. coli as expression system. For Bcl-2
we have performed cell free expression, and have succeeded in the purification
of the full-length protein, solubilized with detergent. The next step is to char-
acterize the proteins when they are reconstituted into model membrane, using
spectroscopic methods such as CD and 31P solid state NMR spectroscopy. We
are especially interested in how the presence of oxidized lipids influences the
protein-protein and protein-membrane interactions, mimicking the apoptotic
conditions triggered by reactive oxygen species.
Our ultimate goal is to provide structural information of the membrane-medi-
ated mechanism underlying the action of Bcl-2 as a potent inhibitor of cell
death, information crucial for the development of new anti-cancer drugs.209-Pos Board B9
Interactions Between Bcl-2, Bcl-xl, and Bax at the Mitochondria: Keep
Your Friends Close but Your Enemies Closer
Laurent Dejean, Oscar Teijido Hermida, Yogesh Tengarai Ganesan,
Thibaud Renault, Bruno Antonsson, Stephen Manon.
Cytochrome c release, the commitment step of apoptosis, is regulated at the mi-
tochondria through protein-protein interactions between the Bcl-2 family pro-
teins. An imbalance of this interaction network due to the up-regulation of the
proto-oncogenes Bcl-2 and/or Bcl-xL lead to a resistance to apoptosis and is
associated with tumor formation. Bcl-2 or Bcl-xL overexpression act at the
level of the mitochondrial outer membrane (MOM) by inhibiting Bax-mediated
apoptosis; more particularly MAC formation and cytochrome c release. How-
ever, the molecular mechanisms through which Bcl-2 or Bcl-xL affect earlier
steps of Bax-mediated apoptosis are not fully understood. We found that Bax
insertion into the MOM was the earliest apoptotic step inhibited by Bcl-2 over-
expression. However, Bax insertion was not modified if Bcl-xL was overex-
pressed instead of Bcl-2. This suggested Bcl-2 and Bcl-xL have different
functional roles in inhibiting MAC formation. Surprisingly, we also found
that mitochondrial Bax redistribution and change of conformation were not
inhibited but rather spontaneously increased in response of Bcl-2/xL overex-
pression. This increase in mitochondrial associated Bax required a physical
interaction between Bax and Bcl2 or Bcl-xL. We therefore propose that, at least
when up-regulated, Bcl-2 and Bcl-xL behave as Bax receptors which stabilize
Bax binding to the MOM. This sequestration of Bax by Bcl-2/xL would then
consequently increase Bax mitochondrial relocalization, but further inhibit
Bax-mediated MOM permeabilization and later steps of apoptosis.
Supported by NYU Research challenge Funds to LD.
210-Pos Board B10
Demise of the Umbrella Model in BAK-Mediated Mitochondrial Mem-
brane Permeabilization During Apoptosis
Robert Galvin, Sreevidya Aluvila, Steffi Lee, Kyoung Joon Oh.
BCL-2 proteins, including BAX and BAK, play critical roles in apoptosis.
Upon activation by cell death signals, BAX or BAK forms large oligomeric
pores in the mitochondrial outer membrane, permeabilizing mitochondria.
This allows the escape of the cell death factors such as cytochrome c from
the intermembrane space into the cytoplasm, where they execute downstream
cell death events. Using a proteo-liposomal system that recapitulates the
pore-forming processes by BAX or BAK (Oh et al. JBC 2010; 285, 28924-
28937), we previously demonstrated that spin labels attached in the BH3
(Bcl-2 homology domain 3) domain were juxtaposed within 5-10 A˚ distance
in the oligomeric form in the membrane, providing direct evidence for the
existence of the BH3:BH3 contact interface between nearby monomers. We
have further determined the conformational changes in BAK upon membrane
insertion by applying the site-directed spin labeling method of EPR. Pairs of
spin labels introduced at various positions in BAK allowed us to measure the
inter-domain distances before and after the pore-formation. The results show
that BAK unfolds and inserts into the membrane in an unexpected way, con-
trary to the predictions by the ‘‘umbrella model’’ in which the sandwiching
outer layers of the BAK protein open up to expose the core a5-a6 helical hair-
pin for membrane insertion. Our results also indicate that residue 83 in the BH3
domain is in close proximity to the central region of a5 helix (i.e., residue 135)
but is removed from its amino-terminus (i.e., residue 122) within a monomer in
the membrane-inserted oligomeric pore. These results identify a5 helix as the
previously unknown domain in contact with the BH3 domain in the membrane
bound state of BAK (ibid), providing further insights into the mechanism of
BAK (or BAX) dimerization and oligomerization.
211-Pos Board B11
HAX-1: A Multifaceted Family of Apoptotic Regulators
Solomon V. Yap, Jason Koontz, Nicole Perry,
Aikaterini Kontrogianni-Konstantopoulos.
HAX-1 was first identified as a binding partner of HS1, a protein involved in the
maturation of T cells. To date, studies on HAX-1 have mainly focused on the
prototypical variant I protein, demonstrating that it has anti-apoptotic proper-
ties. Recent evidence, however, has indicated that the HAX-1 gene is heavily
spliced, producing a number of isoforms with distinct molecular compositions
and presumably varied functional activities. In light of this observation, we
sought to characterize the different HAX-1 isoforms expressed in rat striated
muscles.
Using 2D gel electrophoresis and RT-PCR analysis, we determined the exis-
tence of at least seven distinct HAX-1 proteins, and further identified five novel
mRNA variants, in addition to the seven known ones, in developing and adult
rat myocardium. Our analysis of the various isoforms revealed profound differ-
ences in their subcellular localization and anti-apoptotic activities. Certain
